Turkey, for nearly two decades, has been one of the fastest growing power markets in the world. Turkey's total energy consumption, around half is used by the industrial sector, a quarter in residential, and the rest in transportation and commercial. Turkey's domestic energy consumption has more than tripled, reaching a level of 3.2 quadrillion Btu (quads) and coal accounted for 31% of total energy consumption in year 2000. Turkey's coal reserves are 0.6% of the world reserves. Rich lignite deposits are spread all over the country. Total lignite reserves are estimated at 8075 Mtoe, of which 7339 Mtoe (88%) is economically feasible. Lignite extraction is expected to increase as the government feels pressure to close down unprofitable hard coal mines that are geologically difficult, increasing the cost of extraction.
INTRODUCTION
The energy demand of Turkey will be doubled between the years 2000-2010 and will be fivefold between 2000-2025.This rapid increase in demand is due to high economic development rate of Turkey. The estimated amount of investments for the production facilities by the year 2010 is around 55 billion dollars (Demirbas, 2002) .
Turkey's energy needs are increasing quickly. Increasing demand has resulted in increase in supply and due to the non-efficient use could cause serious economical, environmental and social problems. Energy is one of Turkey's most important development priorities. Turkey's energy demand is growing at a rate of 8% per year.
Production and consumption of energy per unit person in a country is an important parameter indicating the level of development. But, as a developing nation, the energy consumption of Turkey still remains at low levels. Although most of the energy demand is met by hydroelectric, coal-fired power stations and recently by natural gas, the use of natural resources constitutes about 37% of the total demand. Turkey has large coal reserves particularly those of lignite. However, as the natural resources are not effectively used, due to inadequate policies, she has become dependent on imported energy sources.
Turkey's natural energy resources are quite diversified; hard coal, lignite, asphaltite, oil, natural gas, hydro, geothermal, wood, animal and plant wastes, solar and secondary energy resources, such as coke and briquettes produced and consumed.
Coal is major fuel source for Turkey, used primarily for power generation, steel manufacturing, and cement production. Turkish coal consumption has remained roughly stable over the past decade and currently accounts for about 24% of the country's total energy consumption (Demirbas, 2001) .
Production of hard coal is entirely controlled by the government-owned Turkish Coal Company, which suffers from poor management and outmoded technology. The great depth of the country's deposits also hampers coal production.
Coal is often the only alternative when low-cost, cleaner energy sources are inadequate to meet growing energy demand. Developing countries use about 55 percent of the world's coal today; this share is expected to grow to 65 percent over the next 15 years. In year 2050, coal will account for more than 20 percent of the world's primary energy. 5,279.47 5,188.98 5,078.65 5,008.76 5,114.64 5,262.62 Source: IEO2003 5,193.46 5,196.23 5,093.28 4,987.93 4,995.16 5,266.01 Source: IEO2003
The world coal consumption has been in a period of generally slow growth since the late 1980s, a trend that is projected to continue. The world coal consumption is projected to increase by 2.2 billion tons, from 5.3 billion tons in year 2001 to 7.5 billion tons in year 2025. Alternative assumptions about economic growth rates lead to forecasts of the world coal consumption in year 2025 ranging from 5.9 to 8.8 billion tons (EIA, 2003) . The world coal consumption is given in Table 1 .
In spite of efforts to reduce costs, hard coal production is still subsidized, leading to distortions in inter fuel competition. However, lignite production appears to be more economical than hard coal. The Government rightly plans to rely increasingly on coal imports. As coal suppliers are well diversified, this will not undermine Turkish security of supply. The world coal production is 5.3 billion tons in year 2001. The world coal production is given in Table 2 .
Turkey's coal production is 72.57 million short tons and consumption is 81.14 million short tons in year 2001 (IEO2003). Coal accounted for 31% of total energy consumption in Turkey.
COAL RESERVES OF TURKEY
Turkey's coal reserves are 0.6% of the world reserves. Rich lignite deposits are spread all over the country. Total lignite reserves are estimated at 8075 Mtoe, of which 7339 Mtoe (88%) is economically feasible. 34% of the lignite capacity is being worked, while 3% is being developed (DGXVII, 1997) .
Lignite deposits are encountered in almost every region of Turkey. Afsin-Elbistan, Mugla, Soma, Tuncbilek, Seyitomer, Beypazari and Sivas basins constitutes the most important known lignite reserves.
The biggest lignite deposits, 40% of the total, are in Elbistan. This reserve is assumed to be sufficient for the existing and forthcoming units of the Elbistan thermal power plant (TPP) In 2001, Turkey's lignite reserves 8300 Mtoe. Turkeys share of the world's lignite reserves is 2%. Turkey's lignite reserves: TKI; 2500 Mtoe, EUAS; 3800 Mtoe and Private Sector; 2000 Mtoe (Ersoy and Anaç, 2002) . Hard coal reserves 1130 Mtoe (Arabul, 2002 ). Turkey's annual lignite production is around 60-65 million tons. Turkey is in seventh place in the world from the aspect of lignite reserves and in sixth place in production. The contribution of lignite mining to the economy is essentially in the field of the production of energy.
In Turkey, 9.2% of total TKI reserves were produced, in year 2001. This production amounted to 383,503 tons. The lignite reserves and production in some of TKI mines is given in Table 3 .
The anthracite coal, which is found in significant amounts in Eregli, Zonguldak and in the Western Black Sea region, was nationalized in 1937 and because of its high calorific value it was used in homes for heating for many years. Industrial utilization started later after a ruling was made. The anthracite coal reserves are approximately 82 percent of Turkey's total coal reserves. More than 2.5 million tons of coal is being produced annually.
CBM from the Zonguldak hard coal region could be a very significant factor in Turkey's energy economy. The CBM in-place resources in two districts of the Zonguldak hard coal region are presently estimated to be at least 3 trillion m 3 .
POTENTIAL TRENDS OF COAL
In 1995, coal accounted for 26% of the world's primary energy consumption and 37% of the energy consumed worldwide for electricity generation (CIA, 1998) . For coal to remain competitive with other sources of energy in the industrialized countries of the world, continuing technological improvements in all aspects of coal extraction have been necessary.
Lignite is the second most important potential source of energy in Turkey. Turkey is a large producer of lignite (brown coal), which comes predominantly from deposits in the southwest and the southeastern Afsin-Elbistan basin. In Turkey, lignite has the biggest share in total primary energy production at 43% (Demirbas, 2002) . By 1980, hard coal and lignite was about 21 percent and by 1992, 31.1 percent.
However, about 57% of the lignite reserves are of low calorific value, below 1500 kcal/kg. Better quality lignite of over 3000 kcal/kg only account for some 7%. The total potential is estimated at 105 TWh/year. Total consumption of hard coal and lignite more than doubled between 1980 and 1995 from 6.79 to 16.47 Mtoe (DGXVII, 1997). Turkey's coal potential in year 1997 is given in Table 4 . Turkey's lignite production was 70 Mtoe in year 2001 (IEO2003). The share of lignite production of Turkey is 7.1% and share of lignite consumption is 7.0% of the world's total. Almost 85% of lignite production is used in power plants. Installed power based on lignite is 6.400 MW and share of lignite in total installed power is 23.8%. Total electricity generation in Turkey is 34.367 GWh and share of lignite in total generated electricity is 27.5% (Ersoy and Anaç, 2002 ). Turkey's coal production and consumption are given in Table 5 . Turkey's lignite production is 69.97 Mtoe in year 2001 (Table 6) .
Turkey imports significant amounts of hard coal, mainly from Australia, the United States, South Africa and the former Soviet Union. This coal is used largely to supply Ankara and three other large municipalities, all of which have chosen to use hard coal rather lignite as a source of heat and power in order to reduce the amounts of pollution that result from lignite burning (Demirbas, 2001 ).
In year 2003, Turkey has bought steam coal 40.42 dollars per short tons and metallurgical coal 44.8 dollars per short tons from the United States (IEO2003). Turkey's total imports are 32,725 billion dollars in year 2001. As for coal import is 288.8 million dollars in year 2001 (ITC, 2001 ). Turkey's primary and secondary coal production is given Table 7 . Moreover, coal consumption is given in Figure 1 . (Demirbas, 2003) . To make matters worse, much of the coal that is used in the region is lignite, or soft coal, that results in high emissions when burned. Promote the adoption of clean technologies for coal use in electricity generation. Air pollution is a major problem in Turkey, with key pollutants including SO 2 , suspended particulates, NO 2 , and CO 2 . Smog is a particularly bad problem in many Turkish cities, especially Istanbul. Rising energy consumption and the increase in car ownership have increased air pollution, and as Turkey continues to develop its economy, the problem likely will be exacerbated unless preventive actions are undertaken.
The Black Sea Coast area of Turkey has substantial hard coal and coal-related resources; substantial amounts of methane (CH 4 ) are continuously emitted from the coalmines. Recovery and use of this methane could be beneficial for everyone because of reduced future methane-related hazards to miners and improvement to the local and global environment. Development of methane gas resources will alleviate some of the current and future shortages of energy in Turkey. Policies are generally divided into, clean coal technology for power generation and constrained gas supply combined with the use of new sub-critical and super (critical coal) fired power stations.
Greenhouse gas emissions
CH 4 and other product were released during the process of coal formation called coalification. The degree of coalification determines the amount the process of methane generated. The methane quantity relates directly with pressure and depth. CH 4 emission generated from underground mining is higher than the emission generated from surface mining. The small portion of methane emission originates from post mining activities such as coal processing, transportation and use.
Coal contains proportionally more carbon than NG. Methane is itself a greenhouse gas, which molecule for molecule can trap more heat than CO 2 this way counterbalance the CO 2 benefits of burning NG instead of coal (Surmen and Demirbas, 2003; Demirbas, 2000) . Soot emission from hydrocarbon flames is an important subject since it plays an important role in relation to both heat transfers by radiation and air pollution (Shabad and Mohammed, 2000) . CH 4 emission factors for underground and surface mining in Turkey is given in Table 8 . At the present time, coal is responsible for 30-40% of world CO 2 emission from fossil fuels (Demirbas, 2003) . National CO 2 emissions are about 43% in year 2025. The economic cost of energy supply and the cost of energy imports will be lower as well as emissions of CO 2 /GHGs.
ENERGY EXPLORATION & EXPLOITATION
However, it must be acknowledged that the scope for more reliance on cogeneration in industry and improved technical efficiency in the power sector is intrinsically restricted. That less than 5% and 1% reduction in CO 2 /GHGs emissions, respectively, can be accomplished over the period 2000-2025. Also, the implementation costs for DSM may be underestimated while the environmental impact is the greatest in terms of projected emission reduction. The reduction in CO 2 /GHGs emissions exceeds 10% over the period 2000-2025. Greater natural gas utilization is clearly preferable to coal and lignite. The Constrained Gas Sub-critical and the Constrained Gas Super-critical Scenarios have CO 2 /GHGs emissions more than 8% and 7%.
A carbon tax will bring about some beneficial inter-fuel substitution, inducing consumers to use less carbon intensive gas in preference to coal and lignite. However, the result of these fuel shifts is an increase in the economic cost of energy supply. Also, at the tax rate considered ($4/ton CO 2 ), not much change occurs in the level of carbon emissions (less than 1% drop over planning horizon) so much higher tax rates are likely to be required to bring about substantial reductions. In 2001, the world CO 2 emissions from the consumption of coal are given Table 9 . In Turkey, CO 2 emissions from the consumption of coal in years 1992-2001 are shown in Figure 2 . 
CONCLUSION
Meeting energy demand is of high importance in Turkey. But exploiting the country's large energy efficiency potential is also vital. Air pollution is a significant problem and, as the Government's projections show, carbon emissions could rise sharply if current trends continue. The Government's reference scenario projects a fourfold increase in coal use between now and 2020. Lignite extraction is expected to increase as the government feels pressure to close down unprofitable hard coal mines that are geologically difficult increasing the cost of extraction. Furthermore, in general the mines have poor safety records. Opposition to any mine closures by coal miners is expected unless an adequate compensation plan is arranged with the government.
The following actions are suggested:
• Continue the restructuring process of the coal mining sector and the privatization of viable mines.
• Consider outright privatization of the mines that have not been transferred through the transfer of operating rights procedure. • Clarify the process by which the prices for hard coal and lignite are determined. Suppress all subsidies on hard coal and eliminate residual subsidies on lignite, both explicit and implicit, as well as any purchasing requirements or preferential treatment. Social issues should be considered independently from energy prices.
